We explore the possibility to explain the 750 GeV diphoton excess recently measured by ATLAS and CMS collaborations in terms of a massive spin-2 particle. In particular, we consider the case in which the top-quark loops can give the similar amplitudes as the tree-level contributions to the diphoton and digluon channels. Such a scenario can be naturally realized in the generalized warped extra dimension models. As a result, the parameter space favored by the diphoton data implies that the top-quark loop contribution can compete to and even dominate over the tree-level amplitude in the spin-2 particle production via the gluon-gluon fusion process. Similar results are obtained for the case in which the spin-2 particle induces large invisible decay branching ratios, as indicated by the ATLAS data. 
I. INTRODUCTION
G between top quarks and the gauge fields. In Sec. IV, we perform the computation of the production cross sections, widths, and branching ratios of the spin-2 particle, and then explore the parameter space which can explain the diphoton excess while satisfying other constraints from the LHC. We also consider the effects of invisible decay branching ratios to our analysis. Finally, a short summary is given in Sec. VI.
II. DIPHOTON SIGNAL AND CONSTRAINTS FROM THE LHC RUN 1
Both ATLAS [1] and CMS [2] have reported the excess in the diphoton channel around 750 GeV with its production cross sections at 13 TeV are [8] σ(pp → γγ) ATLAS ∼ (10 ± 3) fb , σ(pp → γγ) CMS ∼ (6 ± 3) fb , (2.1)
respectively.
In Table I , we collect the observed 95% upper limits for various channels from the LHC Run 1 data that will be applicable to our spin-2 particles. It is noted that the diphoton signal rate of O(10 fb) from the 13 TeV data is large, which implies that there should be a large enhancement from 8 TeV to 13 TeV for the signal as compared with the background. Hence, it was pointed in Ref. [7] that the ggF is the preferred production channel than the diquark process. In the present paper, we focus on a massive spin-2 particle model in which G is mostly produced by the ggF in order to take advantage of this fact. With this assumption, we also give the corresponding 13 TeV limits rescaled from the 8 TeV ones by the gg parton luminosity ratio of 4.7 [26] in the last column of Table I . Although a strict study of the compatibility of a proposed model with the 8 TeV limits needs to simulate the signals and backgrounds, such a rescaling offers a quick and easy way to obtain the constraints on the model. Moreover, by comparison, it is seen that the required cross sections for the 750 GeV diphoton excess in Eq. (2.1) are fully compatible with the 8 TeV data of both ATLAS and CMS.
As mentioned in the Introduction, the ATLAS data favors a wide resonance of width 45 GeV with the local significance of 3.9 σ, whereas the CMS best fit indicates a narrow resonance. However, as we shall see later, for a generic spin-2 particle with reasonable couplings, the total decay width from the SM channels is always about of only O(1 GeV). Therefore, in order to accommodate the ATLAS result, there should be other invisible decays for the massive spin-2 particle, possibly connected to dark matter. In our following phenomenological discussions, we shall consider the cases with the narrow and wide resonances, respectively.
III. GENERAL FRAMEWORK OF THE MASSIVE GRAVITON
The spin-2 particle G considered in the present paper originates from the first KK graviton in the generalized RS model [12] in which some of the SM fields propagate in the extra fifth dimension, while others localized on either UV or IR branes [14, 15] . The general interactions between this massive graviton with the SM particles can be parametrized as follows,
where
and c i stand for the energy-momentum tensors of the SM particles and their coupling strengths to the spin-2 particle of G µν , respectively, and Λ is the typical interaction energy scale. Note that c i depend on the overlap among the wave functions between the KK graviton and the corresponding SM particles. Since the KK graviton is localized towards the IR brane, it has unsuppressed couplings to the fields on the IR brane or in the bulk, and greatly suppressed couplings to the ones sitting on the UV brane. Thus, a natural hierarchy among couplings can be obtained. For simplicity, we consider the following field configurations: only the right-handed top quark is put on the IR brane, and the SM hypercharge U(1) Y gauge field B µ and the SU(3) C gluon G µ propagate in the bulk, while other SM fields are localized on the UV brane, including the SU(2) L gauge and Higgs bosons. Moreover, the couplings of G to the constant zero mode of bulk gauge fields in the RS models suffer from an extra mild suppression by the extra-dimension volume factor
, which is similar to the order of the corresponding one-loop factor α/(4π) (α s /(4π)) for the bulk EW gauge fields and gluons. By taking this fact into account, c tt should be of O(1), while the couplings for the bulk gauge fields B µ and G µ should be rescaled to αc 1 /(4π) and α s c gg /(4π).
Therefore, the expected hierarchy of various KK graviton couplings is given by
After the spontaneous EW symmetry breaking, the relevant couplings of this massive KK graviton in the basis of the SM particle mass eigenstates become
where the couplings c γγ,Zγ,ZZ are related to the original c 1 via
As a result, we can use c gg , c tt and c γγ to parametrize this model. Although it cannot explain the hierarchy problem in terms of the warped factor in the extra dimension, the present model is the simplest setup for the spin-2 particle to interpret the 750 GeV resonance with the emphasis on the important top-quark loop contributions in its production and decays.
One may wonder why we neglect spin-2 particle couplings to W -bosons in Eq. (3.3) .
Firstly, according to our bulk field configuration and the hierarchies of couplings in Eq. (3.2), the direct coupling of the massive spin-2 particle G to the W + W − pair is vanishingly small.
Moreover, we only allow G to couple the right-handed top quark via the O(1) coupling c tt , resulting in that the induced one-loop effective GW + W − coupling would be suppressed by an additional factor (m t /m G ) 2 ∼ 0.05 compared with the corresponding γγ and gg couplings.
As a result, we expect that the decay rate of this channel is too small to be observed.
IV. PHENOMENOLOGICAL EXPLANATION OF DIPHOTON EXCESS
The production of the spin-2 particle G is mostly via the ggF process in our scenario.
Since the top-quark loop contribution to the amplitude of the G production is expected to have the same order as the tree-level one, it is useful to define an effective coupling between G and gluons:
is the top-quark loop function for the spin-2 particle, which is valid for τ < 1 and obtained by calculating the Feynman diagrams in Fig. 1 . It follows that the massive graviton production cross section mainly depends on two couplings, the tree-level gluon coupling c gg (m G ) renormalized at m G = 750 GeV and the top-quark coupling c tt . Consequently, the G production cross section can be conveniently plotted in the m gg (m G )-c tt plane as in Fig. 2 with Λ = 1 TeV. Note that in our calculation we have applied the RS model [27] with
Feynrules [28, 29] to the MadGraph [30] . Given the interactions in Eq. (3.3), the partial decay widths for various channels can be calculated. Here, we only present the analytical formula of the most relevant ones, such as t t, gg, γγ, Zγ and ZZ, given by
with the effective coupling of G with photons as 8) and c eff gg as defined in Eq. (4.1), where N c = 3, Q t = 2/3 and m t = 173.5 GeV [31] denote the color, electric charge and mass of the top quark, respectively. Note that we have ignored the Z boson mass in the expressions of the top-quark loop contributions for the Zγ and ZZ modes since its effect is greatly suppressed by the spin-2 particle mass m G = 750 GeV. In Appendix, we present the details of the calculations of the top-quark loop amplitudes for the final states of γγ, Zγ, ZZ and gg, as shown in Fig. 1 , with the emphasis of the issue of the renormalization. In the remaining part of this section, we assume that the spin-2 particle only decays through these visible channels so that a narrow width of O(1 GeV) is predicted, while leaving the discussion of the case with a broad width due to its large invisible decay to the next section.
A. Constraints From tt Channel
We begin with our discussion with the decay of the spin-2 particle into tt since it gives the most stringent constraints on the present scenario due to the non-suppressing couplings of G with top quarks. From Eq. (4.3), it is useful to present this constraint in the c gg (m G )-c tt plane as in Fig. 3 with c γγ = 0.1 and Λ = 1 TeV. Note that the variation of c γγ from 10 −4 to 1.0 does not change the plot much, since the branching ratios of the spin-2 particle would be always dominated by tt unless c tt is chosen to be very small. From Fig. 3 , it is [20] .
interesting that the tt upper bound naturally separates the viable parameter space into two regions: relatively large c tt but small renormalized tree-level coupling c gg (m G ) < 0.1, and large c gg (m G ) but nearly vanishing c tt < 0.01. Since the tree-level spin-2 particle couplings to photons and gluons are parametrized of the same order to the corresponding top-quark loop contributions, we expect that the above two parameter regions correspond to the cases with the top-quark loop effectively turned on or off. Therefore, in the following we shall consider the two benchmark scenarios with c tt = 0 and c tt = 0. For simplicity, we fix the cutoff scale Λ = 1 TeV throughout our study.
B. Parameter Space with c tt = 0
In this subsection, we shall explore the parameter space of the spin-2 particle with c tt = 0 so that the top-quark loops to γγ and gg do not contribute. In Fig. 4 , we show the typical branching ratios as functions of c γγ (m G ) with c tt = 0 and c gg (m G ) = 0.01. It is seen that the dijet (gg) dominates the branching ratio unless γγ and Zγ are greatly enhanced by the tree-level coupling c γγ (m G ).
From Fig. 5 , one can see that it is possible to obtain the measured γγ signal rate of 3 ∼ 13 fb as implied by the ALTAS and CMS data. In addition, the most relevant limit is the Zγ bound, which, however, does not constrain the γγ preferred region at all. Note that this scenario was already investigated in Refs. [7] [8] [9] , which obtained the similar conclusions. width is dominated by tt modes due to unsuppressed couplings to G, but γγ, Zγ and ZZ can become sizable as c γγ (m G ) increases to be large enough.
In Fig. 7 , we identify the viable parameter space of the spin-2 particle which could explain the ATLAS and CMS γγ excesses with the top-quark loop open. The essential constraint only comes from the tt channel which limits c gg (m G ) and c tt to small values of O(10 −2 ).
However, in order to explain the γγ signal, it requires that c γγ (m G ) should be large enough, typically of O(1), which implies that the decay of G → γγ goes primarily via this treelevel coupling. In contrast, the diphoton signal still allows the interesting region in which c gg (m G ) can be larger than or of the same order as c tt , and thus the top-quark loop plays an important role in the ggF production of G.
V. EFFECTS OF INVISIBLE DECAYS OF THE SPIN-2 PARTICLE
As mentioned in the Introduction, the ATLAS data favors a wide resonance of width 45 GeV with the local significance of 3.9 σ, while the CMS one shows that the best fit Zγ (Yellow Region), where the numbers on the blue lines denote the corresponding γγ production cross sections due to spin-2 particle decays.
indicates a narrow resonance. However, for a generic spin-2 particle with reasonable couplings, the total decay width from the SM channels is only about of O(1 GeV). Therefore, if the broad width of the resonance is confirmed in the future LHC Run-2 experiments, there should be a large branching ratio for G to decay to some invisible channels, probably related to dark matter. In this section, we consider the effects of this invisible decay to our spin-2 particle phenomenology. Rather than specifying a concrete model, we just parametrize the invisible decay by its partial decay width in our phenomenological discussion.
As was done early for the case without invisible decays, we first consider the tt constraint, which is shown in Fig. 8 . Compared with Fig. 3 , the invisible width makes the viable parameter space extend to large values, since it suppresses the tt branching ratio greatly. In the figure, the left plot corresponds to the case with the top-quark loop turned off c tt = 0, while the right one to the case with large top-quark loop contributions c tt = 0. Fig. 9 presents the γγ decay widths as functions of c γγ (m G ) and the invisible decay width Γ Invisible , respectively. It is seen that we can still find parameter regions with large coupling c γγ (m G ) that can explain the γγ excess, even in the face of the dilution from the invisible decay. It results in that the γγ decay is mainly through the tree-level coupling. However, when c tt is nonzero, the top-quark loop can give non-negligible contributions to the spin-2 particle G production via the ggF process. Note also that, in most regions favored by the γγ excess, the invisible decay dominates the branching ratios of G, which is expected since visible channels cannot fully account for the large width ∼ 45 GeV implied by the ATLAS data.
VI. CONCLUSIONS AND DISCUSSIONS
In this paper, we have explored the possibility of a massive spin-2 particle G to interpret the γγ excess at 750 GeV recently observed by ATLAS and CMS. In particular, we have focused on the parameter space in which the top-quark loop to diphoton and digluon amplitudes can have the similar order as the corresponding tree-level couplings. Such a scenario can be naturally realized in the generalized warped extra dimension models, in which the gauge and massive KK graviton fields propagate in the bulk, while the top-quark field is localized on the IR brane. By requiring the diphoton production cross section to fit the signal while satisfying the LHC Run-1 constraints of other channels, we have found that the preferred parameter space can be separated into two regions with either a nearly vanishing top-quark coupling of G or a relatively large one. It is interesting to note that in the large , where the numbers on the blue lines denote the corresponding γγ production cross sections due to spin-2 particle decays, while the red lines in both plots denote the total width Γ tot = 45 GeV favored by the ATLAS data.
coupling region, the top-quark loop can compete to and even overwhelm over the tree-level contribution in the G production via the gluon-gluon fusion. We have also considered the case in which the massive spin-2 particle have a large invisible decay branching ratio with the similar results obtained.
Having shown that the massive spin-2 particle is a candidate to explain to the diphoton excess, the next step is to test the present scenario. One immediate question is how to distinguish the spin-2 particle candidate with the (pseudo-)scalar one. As pointed in Refs. [7, 9] , the kinematic distributions of the diphoton final states, such as the photon rapidity distribution and the photon angle distribution respect to the beam axis, can provide us with such information. Moreover, for the case with the top-quark loop dominated G production, the largest decay mode would be the tt channel, which can be used to distinguish from the case with c tt = 0. In terms of Figs. 2 and 6, the tt production cross section from the pp collision via the 750 GeV massive spin-2 particle is 2 pb, which, together with the total integrated luminosity of O(100) fb −1 at the end of the LHC Run-2, would provide a clear signal to probe the present model. Another kind of the signal for the case with the large spin-2 particle width is the invisible decay final states, which are assumed to be the dark matter candidate. Since the direct measurement of the total width is limited by statistics, it is helpful to measure some associated channels with a large missing transverse energy E T at the LHC, such as the mono-jet, mono-photon and mono-Z. For simplified dark matter models, some of the studies have already been done in Ref. [7] , in which the measurement of the mono-jet plus a missing E T at the LHC [25] places a tight constraint on the allowed parameter space. Nevertheless, we emphasize that the results depend on the details of the dark matter properties, such as the dark matter spin, mass and couplings to SM particles.
Clearly, a specific and complete construction of the dark sector, associated with the 750
GeV massive spin-2 particle, is interesting to be investigated in the future.
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Appendix A: Production and Decays of the Massive Graviton
In this section, we present some details of the calculation of the top-quark loop contributions to the massive spin-2 particle G couplings to the diphoton and digluon, as shown in Fig 1. For concreteness, we first focus on the Gγγ effective coupling induced by the top-quark loops. Note that in the model presented in Sec. III only the right-handed top quark couples to spin-2 particle, so that we apply the Feynman rules listed in Ref. [13] with the right-handed chiral projection in the vertices for top quarks. The explicit calculation of Feynman diagrams in Fig. 1 gives the the amplitude for the top-quark loop induced G decay as
with the finite part of the integral A G (τ ) defined as
where Q t , m t and N c denotes the charge, mass and color factor of the top quark. The tensor factors C µν,ρσ and D µν,ρσ are defined as in Appendix of Ref. [13] . Note that the formula for 
where C is a constant dimensionless parameter. This term can induce a dimension-7 effective operator like G µν ∂ µ F ρσ ∂ ν F ρσ , which, from the usual effective field theory perspective, is expected to be suppressed by higher powers of cutoffs or m 2 G so that it can be negligible. However, there is a subtlety to do this. Since Eq. (A3) is not gauge covariant under the electromagnetic U(1) symmetry, we need to first transform it to the following form
In this way, the first term in the parentheses is now gauge covariant and can be safely neglected, while the second one gives the extra contribution
with the on-shell relation
Only with this method we can obtain the correct Lorentz structure for the massive graviton-photon vertex in Eq. (A1).
If we consider the tree-level contribution from the direct massive graviton-photon vertex in Eq. (3.3), we have
where C 0 γγ represents the bare couplings defined in the Lagrangian, which should be renormalized to obtain a sensible result. 
If the renormalization scale is chosen to be µ = m G , then
Now we define the effective Gγγ coupling as 
so that the partial decay width for the diphoton channel is
For the digluon channel, we have the similar results except that the charge factor in Eq. (A11) should be replaced by the corresponding color factors
If we further consider the fact that gluons are in the color adjoint representation, the decay can be easily obtained
For the Zγ and ZZ channels we can obtain the similar expressions by calculating the corresponding Feynman diagrams as in Fig 1. It is interesting to note that due to our assumption that only the hypercharge U(1) Y gauge bosons couple to the massive spin-2 particle and the right-handed top-quarks, the renormalization of these two processes do not involve new counter terms so that the renormalization in the diphoton channel is enough to make the amplitudes of Zγ and ZZ finite, as shown in Eqs. (4.6) and (4.7).
